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The Bureau of Reclamation has i n  prospect an immense program of 
design fo r  earth canals. The t o t a l  estimated cost  of rullined canals now 
under construction o r  i n  au thor i~ed  project8 i e  very close t o  ong-quarter 
of a bi l l ion dollars.  The t o t a l  length of these canals i s  about 2,000 
milee, with discharges up t o  a maximum of about 12,000 second-feet. This 
does not include many projects now under atudy. In Region 7 done, the 
coat of canals on projects under study but not yet  authorized amount8 t o  
abaut 8217,000,000. Some of these projects wil l ,  no doubt, l a t e r  be 
approved, and -especiaUy i f  t h i a  country should be faced with a m J o r  
depresaion probably a considerable part of them would be constructed. It 
does not seem unlikely that  in future yeare, between one-quarter and one- 
half  bil l ion dol lars  worth of unlined c d s  bdll be conatruated. 

.. 
If these canals are to be designed with the high atandard of 

skill which has charaaterized the work of this Wvsau in the paat, it i r  
imperative that  a compreher?aive utudy be inaugurated immediately to  develop 
the beat possible methods of deeign f o r  unlined canals flowing ip earthern 
chfusnela. Although considerable study of this srabjact has  been mado in the 
past, largely i n  India, no adequate aolutdon of the problem has been 
developed. The science of design of e&h c a d s  is much lase developed 
than tba t  for  ear th or msonry d-8. Great acivings ixi f i r s t  a o ~ t  of the 
canals and in t he i r  coo2 of 8ssintenanae could, no doubt, be i f  an 
adequate method of deaiep was developed. The science of hydraulios has 
advanced t o  the point wtiere such a dovelopent i s  poaeible. This Buroau 
will uot be meeting i t s  responsibilities i f  it doe8 not gim t o  thia b r r s e  
program of work the beat designs that  it i s  poseibls to develop. The mthoda 
which have been used when hydraulic science was i n  a l e s s  dw~~loped  8 b t g  

w i l l  not be adeqamte for  the future. 

It i s  t rue  t h a t  t h e  Bureau has built many milea of canal;' and 
usually the remulta have been satisfaotory. 5 general, i n  the part, c d r  
have been deeigned f o r  water carrying c ~ a r a . l r ~ v a l y  l i t t l e  aedil~snt i n  
regions of coarrser soi ls .  h t h e  future t h e  greater part of thsap will be 
b u i l t  i n  the Great Plaine region where material through d o h  they prse w U 1  
be f ine  and sediment loads a m  high. Wch more difficulty can be expeotsj, 
under these conditions. Also, it is  not known to what extent less expensive 
cenala could have been used i n  the paat and still provide as good r e n i e e  a8 
there whish were bui l t .  In the  future, only t h e  l eas t  expensive cranala - d o h  
w i l l  giva satiufaatory aervias should be b u i l t .  



the  All-American Canal i n  the dgv@lopamnt of the broad outline of t h i  
hydraulic principles governing the design of s table  c ~ e l s ,  but t he  accel- 
erat ion of the construstion of that projeot, becaaa  of the naceesity of 
providing employment during the depreaaion, prevented a thorough study. h 
recent monthe considerable thought has been a v e n  to  the stable  channel 
problem, and i t  i s  the writer's belief tha t  these principles have now been 
worked out t o  the point where a solution can confidently be expeated, i f  
adequate studies a re  carried out. The principles developed are i n  qualita- 
t i r e  form, and what ie needed i s  to gst quantitative data to make these 
prinaiples applioable to  acttad dseign problems. What i a  propoacbd i s  a 
w r i e s  of off ice atudiea, laboratory tss%s, and a study of e q s r i e m e  wlth 
Bureau and other canal&,  M a h  rrilbl. give the optimum aoabination of theory 
and experience and thus produce the best r e su l t s  f o r  actual  design. The 
proposed program #IU. also include the presentation of theae moultis in 
the fonn beat suited to design use i n  the various off ices  of this Wlreau. 

The program i a  divided in to  eight divisions, eaah of which is 
made up of several d i f ferent  studiee i n  t h e  office,  laboratory, or field. 
In Appendix I is given i n  some de ta l l  t h e  purpose and proposed proctedure 
f o r  each of these studieol. 

Thirr program covers the sslps ground as t h a t  given fo r  atable 
channeb i n  ths  ceaprehensivc report* f o r  sediment studies previously sub- 
mitted but, beaauae of the necessary dehy i n  undertakilag the former 
program, t h e  present program speeds up somewhat the rate of carrying it. 
out. Largely tmsause of laek of euitable personnel, coanparativelg. l i t t l e  
can be acc~mplished i n  FT 1950, except laying the ground mrk f o r  erotivo 
egacution in PY 1951 and 1952. 

The t o t a l  coat of the proposed program wlll be about $3Xl,000, 
but it i a  not the in ten t  t h a t  the  sxscution of this entire program be 
finally adopted at t h e  prssent t h  . The first part of the propan, d a b  
w i l l  be most produetfve in proportion to costs,  a m  be carried out f i r s t ,  
and tlm retaeindar approved l a t e r  i f  the prospect f o r  future aonstruation 
work and tho suoaess of the  initial step@ juetifielp further expenditure. 
The coat of the pmp08ed program f o r  FP 1950 is $25 000. The exponditume 
ncordd for  PY 1951, 1952, and 1953 .n $100,000, 6100,000, and 075,000, 
respeatively . 

The writer  i s  confident, howwer, that the entire pmg~am )(ill 
prove w a l l  justified economically, especiQlly-if big public wsks program 
is brought on by a depreadon. 11 there s t u d i e ~  should reduce the  first 

*Lane, E . W. and Y'rddoek, Z'homaa, Jr . , nPr~pomd Bureau of 
R e c h t i o n  Program for  Seourixq Badc Mormation fo r  Sediment Control i n  
Stresnr, C d s ,  and R e ~ e r v o i r r , ~  April 28, 1948. 



- - . t i o n  cost, they would a v e  reveral  t G s  t h e .  ekire  coet of the studies.  
The proposed studies orould alao give invaluable data f o r  the solution of 
other  sediment problems of the Bureau and other projects  of this Government 
i n  t h e  United States .  It is  important, however, t ha t  t h i s  program be under- 
taken promptly I n  order t ha t  the results be available for canal design at 
t h e  earllest possible date, 

In  the f o l l o d n g  reprt am outlined the studies which a re  
neceesary to secure the quantitative data required t o  make the general prin- 
ciples, which have been developed, applicable t o  engineering design. The 
d e t a i l s  of the methods t o  be employed, the cost  of the work, t h e  order of 
procedure, and the  econodc justification of the wrk is a lso  included. 

DJTRODUC TkON 

The purpose of the following memorandum i s  to pres8r.t the  noed f o r  
developing an adequate method f o r  the design of earth canala, so t h a t  they 
will neither sour out nor f i l l  with sediment. Because of the vary large 
quantity of ea r th  c d s  uhich the Wtrsau i s  expecting t o  conetruct i n  the  
n e u  future,  end the h k  of an adequate method of design, it i s  imperative 
t h a t  atups be taken t o  develop mch a method, i n  order that s a t i e f w t o r y  

I designs of theae struaturee may be prepared. In the following pages are 
pointed out the need for  theem studies, the pr inciples  controll ing the 
design of earth canals which have 80 far been developed, the need fo r  per-- 
fecting them principles, the methods proposed f o r  securing the data neoee- 
sary t o  perfect them and irn estimate of the cost.  

h B T . H  C U A L S  Rd THE BUREAU IS PROGRAM 

The magnitude of t h a t  part of t h e  Burem's program which i n ~ o l v e a  
the construction of earth canale i s  s t a r t l i ng .  The magnitude of the  expend- 
itusere f o r  ear th  canals which can be expected in the future is  unaertain, 
but it i a  sure to be a very large am. So at;tsrrrpt has been m e ,  in 
connection with t M a  study, t o  get a oomplete Ust of the  earth canal8 *oh 
rnay be comtnrotad by the Bureau of h c h t i o n  but enough investigation 
was made t o  indicate  the order of magnitude of t h e  work i n  prospect. 

A pa r t i a l  investigation showed tha t  U n e d  cmals on proJeata 
already author1,zed (a snn'll part  of which are under construction) amounted 
to over $268,0GOD000. On most of these csnal.8 even pmlhhary deeigraa 
have not ye t  b~n s ta r ted ,  It does not include several million dollare sf 
canals in I2.gion 1, on which a decieion has not been made as t o  whether they 
would be bed o r  unlined, In Region 7 alone, the uanala and laterals ia 
prospect but not yet authorized, moat of which wiU be unlined, t o t a l  abQut 
E2l7,000,000. More details of t h e w  coats are given in Appendix X I .  h 
addition, there is t h e  Central Utah  ProScot with 3U miles of unllnsd oU; 
the B i t t a m t  Projeet ir. Montana w i t h  172 miles of d n  canal, much of 



includes large mileage of unlined canale; and numerous other small projects 
containing earth canale. 

It may be s a i d  thorefore t h a t  there i a  a prospect that  a8 much a8 
a half biUlon dollars of earth canals uill be constructed in the not  far 
d is tant  future, especially i f  a severe depression should develop. Even i f  
habi of these failed to materialize, it ~ d d  still  be a qgu-ker of a 
b i l U o n  dollars, a r e a y  tramendous sum of money for,such wrk. 

THERE 35 NO A B G U A T E  PSTHOD FOR THE BESIGN OF EARTH C~~ 

There i s  no adequate method f o r  the design of earth canehe so t h a t  
they adll neither scour the banks and bed beoauee of e%cses veboiticsa nor 
fill up w i t h  sedhent  because of low ve lod t i ea .  It ie tnae t h a t  rough 
methods of canal deaign are available t o  prevent saour from axaese relacitiee 
i n  a d s ,  which have enabled the Bursau i n  the past  t o  design many miles 
of canal which axle fairly auccesaful. Sinae no rat ional  method f o r  euah 
designs exist ,  howaver, it i s  probable that the reason f o r  the i r  suscees in 
aasny cases 18 t h a t  they are overdedgrud. AU that is known i r  tha t  they 
work, but it i a  not known how much ehaaper they could have been conetructed 
and a t i l l  work just as sat isfactori ly .  UnUlths hydraulic principles con- 
tm- desilpl have been work4 out it dll not be possible, to know caet- 
pletely #hat savings nray be possible by the use of better deaign nmthode. 

Another reason why the designs umd i n  the past have been fairly 
rmcceaaful i s  tha t  the water flowing in  them has usual3y bean comparaeivsly 
f r e e  of s e d h n t .  Hoet of the water supplies have been frorn rivers carmng 
comparatively a d  sediment loads. Usually, too, the material through 
\rhich the canals parsed was comparatively coarae. In  t h e  canalo now i n  
prospect, however, the conditions will not be so favorable. of the 
lasge proJscts.wL11 be i n  the Great Plains region whom t h e  s t r e a m  fre- 
quont3.y carry large a e d h n t  lpsds and pass through material which is 
eaeiky eroded. Under these conditions, much mre trouble can be expected 
than has occurred on projects designed i n  the past. 

In India, where conditions acnaewhsrt similar t o  those which are  * 
encountered .in our Great Plains region exist, a great deal of trouble w i t h  
=our snd f i l l i n g  of the i r r iga t ion  canals hae been encountered. b c s u ~ ,  
the extant of the i r  pmjwcts greatly exceeds tha t  of the i r r iga t ion  uork i n  
t h i s  aountry, a great deal of ellcpeAenae has accumulated and mugh study has 
h e n  given t o  developing methods of canal design. A great dea l  of progrerrrs 
has ban made eund for  cer tain conditions considerablu auccebr bar been 
obtahed, but t h e  m d t s  of these lstudies have not been fouad t o  be .gpli- 
oable to other parta of the country, uhem conditdonr cliffer, Unfortunstely, 
the mathodo developed are largely enpir ical  and it is  therefom not a d e  to 
adopt them h e r e  conditione are different  from those i n  the region uhan the 
methods wurs developed. Since a t  leaat  one important factor, the qumtlty 
of sediment carried, h a s  not been adequately considered i n  the  M a n  



d t h  suf f ic ien t  exactness what the conditions are, under whiah the 
lmsthods developed a r e  successful, It is, therefore, not sefe t o  adopt 
the Indian methods for design i n  t h i a  country, here  the conditions m y  
be different .  

THE NECESSXTY OF STUDIES TO DEWUP ADZOLIATE DSSIGN METHODS 

To adequately design the grsa t  numbera of canals which this 
Bureau has i n  prospect it will be necessary t o  develop the baeic theory of 
design of atable channels i n  e r ~ d i b l e  material  and the quantitative rela- 
t i ons  between the various fac tors  involved. While mct-i use can be mid@ of 
the  work of px.eviou8 studies i n  t h i a  field and the  data collected on them, 
because the baaic theory involved vae not known, t h e  data aolleoted does 
not contain a d  of the infoxmation necessary for  c q l e t e  use, and sddi t ional  
data covering theee points Mill have t o  be collected. 

Fortunately, considerable progrssa has already been made i n  thir 
development. I n  connection with t h e  design of tho All-American Canal, o m -  
aiderable progress was made i n  developing the baaic theory involved, ht 
before the (puntitatiive re la t ions  betwen the various factore  oould be worked 
out the  necessity of providing employmnt during t he  deprsusion aaused the  
construction t o  be advaraed several yeare and adequate t h e  t o  develop these 
re la t ions ms not available. The program proposed herein, therefore, i e  
merely the completion of t h a t  started f o r  the deeign of the All-American 
C a n a l .  It i s  greatly hoped t h a t  t h i s  tiae it can be carr ied out beforr 
another depression makes aonetruction necessary before the program can ba 
completed and t h e  results incorporated i n  the desi'&a. 

THE PKIPOSED PROGRAH 

The program proposed t o  secure the data needed t o  develop adequate 
design methods fo r  ea r th  canals  and t o  present the r e d t e  of studiee i n  t.he 

t best possible form f o r  use by the design organizations, can be divided into 
eight  raajor divisions, each of which can be fur ther  subdivided into several  
parta,  as shown i n  Table 1. In Appendix I i s  given a brief di8ouseion of 
each of these aubdiviaiona and the  methods sf carrying it out. 

Table 1 . 

OUTLINE OF PROPOSED PROCFUM OF STUDIES 

1. weal Velocit,ies asld Tractive Forces 

a. Analyaia of available literature on t rac t ive  f o m a  
b, Angle of repose i n  granular material  
c .  Field atudy of S&n Luis V d e y  and other canals 
d. Field study of c r i t i c a l  t rac t ive  forcea i n  coherrive material 
e. Velocity conditions causing initial particle motion on a aanal bed 



OUTLINE OF PROPOSED P R O W  OF STUDW 

2. Exfeat of BeMs on Velocity snd Shear Ust,ributig~ 

a. Iiydraullc Laboratory study of f l o w  distribution i n  banda 
b, Field (prototype) studis@ of f&w distribution i n  laernds 
c .  Xxperience d t h  scour at bnda i n  b e a u  and other canal8 

3. Va loo i t~  and Shear Distribueioa Studies 

a. Laboratorg study of velocity and shear distribution in straight " 
shsnnela 

b. Watheraatiual atudy of wlooi ty  and shear distribution in  etraight 
channels - c . Inveetigation of poaaibili t ies of developing an analogy far 
velooity distribution i n  s traight  ohmmulo 

d. Field (prototype) basts of v e h i t y  distribution in etraight 
channels 

e. Refinement of mathemdltioal analyeie of stable ohenrrasl shqes 
f .  F i e l d  studies in San h i 8  and other canals of veloaity and tract:Lvb 

force distribution 

a. Turbulence jar studies o f  pick up and temparature effeots 
be  kathemrrtical studies of l a m  of sedimmt traneportation 
c .  Field nroaaurements t o  mcure data for  demlopmnt of laws of 

sediment tranapertat ion 
d. Laboratory m e m m n t s  t o  recurs data fo r  development of lam 

of mdiaent tranalporbtion 
6 .  Relation of turbulenoe to sediment transportation 

5. b e r i e n c e  i n  Bureau and Other Cansls 

a, Comparison of observmd conditions i n  Bureau and other aanals d. th  
indicatloritii of f i e l d  and lasborab~y touts 

6 .  Cs~oario~g_of hsim Procedaras Jh~vd.cmd d t h  in Literature 

a. Ccmparilon dth Kennedy, Lacay, and others1 ree*d.te frog M a  
b. C a r p a r i s o n  d t h  o m d .  sections iu w e  in Egypt 

7. m o a ~ a t i o n  of Ponaolecr, M a w  Tebbr 

a. Preparation of fomdae, diagrams, md tabla8 oorering varieur~ 
crombinationa of canal oms8-oeotion rth.pe, sadbmt type', azui 
aurrcwnu ma%eriel t p  sosabinod with the hgrdraullr, fua to~x~  
sf dimbarge and slap 



O[JTLIW d~ P R O P W D  E%OC;RkW OF STUDIES 

8.  Comtruction of Outdoor W a u U c  hbQra%~EY 

a. Construction of an outdoor Hydraulic laboratory at the,k?nvsr 
Federal Canter fo r  determining the scour and velocity distri- 
bution at bends, and other atudiea i n  the stable ehamsal field 

REMLTION TO OVER-AU SE;D-T PROGRAM 
I 

The pmgrrun outlined herein covers one section of the oyer'-au 
sediment program submitted i n  1948 by Thomas Moddook, Jr., Heat3 of the 

I 

Sedimentation Suction of the  Branch of Project Planning,  and the wibr 
under the t it le'  n P r ~ p 8 e d  Bureau of RreclBmatlon Program for Schourilng B ~ c  
Information f o r  Sediment Control in Streams, Canals, and R e s e ~ , v o i r s , ~  
April 28, 1948. f i ~  the program sutanitted in tha t  report the .whola f i e l d  of 
mdiment atudiea was divided up into  five parts, o f  which the first dealt 
wi th  the problem of stable channels. The propam discussed hemin covers 
the sanw ground as that i n  the f i r a t  itm of the corngrcbhsnaive program; 
naunely, the p a r t  headed J4Stable Chanmla,'' but has divided the subject ~llas- 
what ditfemntQ than in the previous report. The estimate  of t o e d  work 
required, however, has not been changed. Only i n  minor parbiaulare ha8 the 
scope af the px~gram been changed, a8 further atudy of the prob3.m~ has 
indicated that ixpmve;ibenta i n  the previous proposal8 were desirabli,  but 
no maJor change8 are contompbtec!. 

As original ly  rubarlttrrd, the program covered 7 yesns, but most of 
tha rrork ma included in  the firot 5 years. Since conaideruble time has 
elapsed since that program was prolpooed, during wPlioh, boculse of lmk of 
fwrds, l i t t l e  pragress was W-ei f , t  w i U  be n e c e e w  to  acoel-erate the 
vork conaiderab2y if the m?nrlts are t o  be available i n  C,W t o  be used in 
the deaigt~ of the Bureau projecta . It ia tharefore proposed .to cowr  this 
work in 8, period of d x u t  3 years h e b a d  of the  5 pmpsrsed h the 
comprehensive program. 

ORDER AND UTE UP CAI3lYUJG OUT 

The order i n  &doh i t  now saem beat t o  carry out the work ira 
shown in Tabla 2. This ahows the progr8rns proposed for  PT 19% to 1953, 
inclusive. If there atudies a ~ .  t o  rixmh their madmu utmfnlnesa, the 
maulta of them must be avalhble  at the  earUost possible mment, in order 
t o  be employed in the derigp of as many canalti as possible. me prolgrama 
ha~r therefore been coqrsseed into as brief a time aa it now wmm~ praati- 
cable to aarqy i t  out. The prograun for FY 1950 o m  k carried out om the 
funds already authoriled for SO-t and general hydrarrU~ atudiem. Thie 
is as much as porsomel limitations cue Ukely t o  .Uow. The pmgra~s pro-- 
posed for 3.951 and 1952 are considerrhbly larger and uiU neu%seibte add- 
t ional  persoanel or the  cooperation of outnide IrboratoPias. 

i 



'Estimated X ~ I & W B  of 
Rsmahder of Firaal Yeex 1950 cost ~ ! ! ! & ~ ~  

~terminatione of angle of bmI;,eirre 8 1,500 3.b 
Field study 05 San U s  V a U . e ~ r  C d  9 , 7 9  b&3f 
Analyaie of orit ianl  tractim foroa Utorature 2,2% llr 
Hathsmatiaal seadie s of ve3~oc:Lty and traotive 2,250 3b 

forae distribution 
hthmutical  stuclbieu of lraws of ecrcKmen% 1,500 4b 

transportation 
Refhmmnt of mathematioral u~dyaia of stable L B ~  % 

ahape6 
Turbulenae jar studier 3,730 4a 
R e c o ~ a i a a ~ n a e  for field orsuluramntm sf trwtive 1,m IbC 

form ond a e d b m t  trwsportation 
Bureau experienoe on acow OIB bend8 az" 

Total Cost Piwd ?ear 1950 25?(HX) 

Primal Year 1951 - 
Cons&mctdoa of oufidoor lakwatory 
hbczator3 aabhsua'tioail and field atuiaiea of 

,tra,oti-rr forclaB and vaocrity ~ s t r i b u ~ o n  
Ha%k9maUoa.l, fiel.d, and laboratory studier of 
IhPCS faf mdbmC trmqmrhtion 

W C J ~ ,  up of mafits of San h i s  Valley C r n e l  
obmmatians 

l&&d. io  leboratery &u&arr of effeat of bndr 
Qarp&ntion of twbubzrse Jar studtam 
St* of Bureau a n d  other qwxdenee in oarth 

ar&a 
I ClcmparPeon sf enu: nWta rl$h de'k in Ularatur8 

Idorking cmt p m U i  design ismuhe, tablea, 
a d  ~~ 

Lu~bratory mathasmixid. and field 8tudiea o f  8,5iW %B~,W 
-ti- foroe and relooit7 Biatnlbutioa 

LL~thmnticral, fS.eXd, and l a b m ~ r y  rtudies of 33,1MJU0 4b,a ,d#b 
of redinant tz!ernepostotion 

Laboratory und Field strrdimr of eflhat of bndr  26,;250 w 



PEUJPOSED PROGW OF CARRYXNG OUT, 5TUB1ES AND ESTmATITD COST 

Estimated IlAm8 of 
oort  - Table 1 

FirwaL Yeax 1952 (Continued) 

Gritdad tractive foroes in coheeire materiala 
Study of Bureau and other elq~rienoe in earth 

a&@ 
Camperirsan of our result8 with data in l ibasatwe 
Working out design fonrmlas, bbleo ,  and dAagrepra 
Pomibillty o f  developing w b g y  for velwity 

di6trcibution i n  straight channe1.a 
Velocity conditions c w a i ~ l g  initial aoticrn 

Total Coat Fiscal Year 1952 100,000 

Fiscal Year 1952 

Hathea~atiaal, field, and hboratary s*krdieo of h 5 , m  bb,~,bQ, 
laws of miiaant tramsportation 

Comparison of our results d t h  data 3s l i t e ~ a b ,  11,250 badrb 
Work- out dedm fowulm,  tablss, and diagram &25Q 7a 
Critical tramtire, foraarr i n  ~ohadvw materide m u  

T O W  Cost Yiuoal Year 1953 JL!I!@ 
Total Cost Entire Program 

C W  OF 'J!E PBOPOSgD PRQGW 

The details of the cost, of the progrun proposed- also $horn on 
Table 2. This totlrls 1 5 , 0 0 0  far PX 1950, $UO,000 for lT 1951, $UO,000 
for FP 1952, and 875,000 for FT 1953. The total aost sf the profpm 
proposed is $300,000. 

EGOYOBLIC JUSTIFICATION 

The $300,000 eotiPastod as t;h total oorrt of t h i r r  prajeat rwm 
Uke, a vary I rs rp  mm of m a y ,  and Lt undoubtedly i a .  Houoror, wbbn e o c  
par& with the ooet of t b  work over which it6 benefits rorrZd be upread, i t  
is a re lat ive ly  small itmi. On pago 3 it bas been pintad mt that the 
eathwted coat  of unllnsd o d e  on oeithorized proJactr of t& i a  
over $A8,000,000, %hot in Region 7 alions tk emtipatad oost of surnla .ad 
labralsr on pro jests under study but rmt yet authorimd is dtWe 8a7,080,W, 
and t h a t  very large projeats no doubt inaluding w~g u d i m d  auulm an 



p r o q e c t  o-P the  conetruction, i n  the not far diatant  future of half'  a 
b i l l i on  dol lare  worth of unlined c U e ,  espeaially i f  a aevera depreersion 
should devexop. Even i f  only ha l f  of this work wae carried outp it would 
coet a quarter of a b i l l i on  dollare, a t m l y  trendndaue 5um of money. 

The proposed program I s  therefore of tha order of magnitude of 
one-tenth of 2. percent of t h e  proapcsotive expenditure. It be the  uriter'e 
b U e f  t h a t  savings i n  first cost and maintenance o f  the order of a t  leaat 
1 to 2 percent of the construation coet are not at a l l  onsuaoomlale t o  
expect as a m d t  of t h e  carrying out of this program, and the benefit 
will therefore be a t  leaat 10 to 20 times the cost of the study. If the 
writer's judjpant i a  900 percent in error, t h e  project will stFU have a 
cos t b e n e f i t  r a t io  of 1.0 o r  more, 

OTHER FEFITS OF THE PROPOSED PRCX3RAM 

The e c o d c  justification previouely etated doe6 not coneider a 
d d e  range of benefits fish t h e  knollledge gained d d  bring to t h i n  
Bureau, t o  other organieationa dscrigping hy3rauU.c mrk i n  the U n i t e d  Statete . 
and in foreign countriee, For e-le, i n  the dedgn of canale to be pro- 
tected from seepage by the buried ~~babrane method, as developed in connsa- 
tion ldth t h e  low-csst U n g  program, it is neaesaary to  chmm %he slopes 
and cross sections so that  the  material covering the buried d r a n e  ie nst 
washed away, thus exposing the membr~s t o  damage fm stock and from other 
sauroea. The procedure8 developed by this program should be very valuable 
in designing these canals. The msulta obtained by theme studiea dU be 
equably applicable i n  the' design of drainage canals. The neasssity of 
designing drainage canals t h a t  dU not scour i s  strikingly eo~phsmisad by 
the  great damage caused by the GaxAng Drain on the  North Platbe Brojeot. 
The Undts of wife slopes f o r  drainage canal6 under the various conditions 
of s o i l  material w i l l  be adequately worked out by these atudlar. 

The knowledge of the lava of sedimrant transportation uNob t h i l p  

program propoaee t o  investieate wil l  8180 be of great value i n  ~ t h e r  studies 
under way by this Bureau. It i a  very much needed to entrbls b e t t e r  e a t b a t e s  
to  be made of the r a t e  of degradation whiah dl1 occur b l o w  dams, o r  t he  
aggradation wfiich will take place above thein. It wiU Be wry useful  also 
on t h e  studies f o r  the control of t h e  channel of the  hiddle Rio Grcsnde. 

The infomation gained in these stuUiee dU be d&Iy ured by the 
Corps of Engineers i n  the deeign of stable ahannela on t h e i r  flood control 
projeats and by the Department of A g r i c u l t u r e  on t h e i r  dreSnage ah-elm. 
It would eventually be useful throughout the mr;d where i r r iga t ion ,  drain- 
age, o r  flood control is practiced. 



There i s  urgent need f o r  rapid progrese I n  this investigation. 
If the results of these studies arm to be ueed on the design of c d r ,  
they mulilt be carried ou+, bef~rtt  the canale are dedgnad. A brge program 
of canal work is already under design i n  t h i s  Bureau on which the8e read.te 
would be valuable. An extendve f i e l d  design orgdz;ation is being buil t  
up and i s  beginning to mrk out c a d s  on 8 l a rge  n u d x r  of projeots. The 
aooner the result8 of the atudias a m  available, the more MLn be the  rugabgr 
of the  canale on which the saving8 c m  'be rsalimd. 

The extent of the program of c d  work which the Bursala w i l l  be 
aaUed upon to  design i s  indefinite, but it ie s u r m  t o  bs very large. b~ 
case of a major depression, en ertnaely luge program f o r  rapid aonstnra- 
t i on  by th i s  Bureau would ba expected. To be prepared f o r  a ~ c h  an a w r -  
gency, those studiee ahould ba made with the  greataret p r s t i c a b l e  speod. 
A s  the work progseerrea, tbe  picture of the future  program of this-Bureau 
dll bwome ineretrsingly clear, It ie not proposed that the enldre pxpgrazn 
proposed herein be finally adopted a t  t h i e  tiare. If this study is starbad 
now on a considerable scale, an the  work prqgmsass, if t h e  Wlreeula eon- 
wtruation proJcbcte o r  t h e  sucaeea of the  prugrm do not JuatiPy carqdng I t  
on a8 proposed, a change of plan can be! made, and thua major lnistakes o m  
be avoided. On t h e  other hand, if the program i s  not M e d  promptly m d  
t h e  J.8~80 program of works alreadg. h d e r  way c=on thos ,  large m o e r w  
expenditures dlb result. It ie '  urgent therefore that the program be 
s ta r ted  promptly. 





APPENDIX 1: 

TECHNICAL I S T A U  OF PROPOSED PEaDGRAM 

Zn the f oUoulng paragraphe, ewh of the Unea of ~ t u d y  proposad 
under the  eight  eections in Table 1 on page8 9 a ~ d  l o  are discusred i r ~  
detall ,  t o  indicate more cleasly what i s  planned, the results to  be 
expected, and how the study w i l l  be carried out. The proljects rdU be 
su~divided a8 ehom !B that table. 

1. Criticail Velocitiee and Tractive Foraes 

a, Analyeis of available Uterature on tractive f oms. An 
a n d y r i e  of the available Literature on tractive foroo would 'M made to  
obtdn the relation betmen particle rise and critical. trwtive fome 
as determined by p r e v i s u ~  experlmasnts. A p r s m a r g  etudy indieate8 
that the r s s u l t e  of various exprimenters are very conflicting, but ar 
much infornution as possible should be obtained in this uay, since it 
can be done with comparatively l i t t l e  e x p e w .  

b. Angle of r e ~ o s e  in ~renular material. If a maroh of the 
literature doe6 not prorJ.de the data, a eerie6 of  exprimenta, r o a d  be 
made t o  determine the angle of repose of granular material undar various 
conditions. The angles of repose of coarm, granular materi.d of three 
or 'four sines composed of particles of (a) very rounded, (b) average, 
and (c j very angular shape would be raeaewd. Sufficient elrperberit8 
would be made to  determine whether or n o t  the slope under water differed 
from that i n  air, and i f  so, the slopes i n  all, cases d d  be oPeamreci 
for  both conditions. The effect  of other shapee, arch sa di&a, etc., 
on the angle of repose muld alao be obserxsd. - 

c. F i e l d  atud$,es in Sm h i s  and other c,;aala of cr i t i ca l  rslocitv 
and tractive force. To determine the cr i t i ca l  velocities and t ~ e c t i v e  
forces which wiU just move bed p10terial of aralrioue particle oiaer, in 
prototype-aim ehannsla, it i a  proposed to  determine the condiuons i n  
canals such as thoas in the San Luis V-y cunals and other c d s  whera 
the nituation ie aidlrrr.  The reconnalsaance and determination of pro- 
aedures for the San U s  Valley canals h a  already boen c q l e t e d .  An 
attempt uiU be made to eecurtr data on other canals wlth lbed matsricil of 
soraewhat smaller material aiee . 

Are a byproduct of these studies, a graat deal of data on the 
effect of particle size on hydraulic roughness w i l l  be obtd.n(cd. Thir 
w3.U enable mn, accurate values of mughecra to bo used Ln dorlign, 
which should rrm2.t in considerable aavings. Th. dab collsotad in 
thsae 8lsla8urssnrsnts on roughness end prartic18 aice should thanfors be 
combined with that avaiLcble frao other uourcee cand s reletion dev@h?pad 
which can be used in future designs. 



d . 
Thio, utu 
tractive forces uhich caursd mow of cohesive material i n  i ts  natural 
oonditlon i n  u a n d  banks and (2) the re~ocitiea and traot ive forces 
uct ing  on t h e  bema of c d s  which formed Proma f ine sa ta r i a1  ocrrried in 
suepenaion i n  the water. The limiting values uhich cwoed scour for 
both t y p a  of material would b detemdaed by wtual mmasur-nt. 

a. Velocity condition8 causlsn initPol u W o l r  aotion en a aouul 
bad. Thia study is primarily for t h e  purpose of  inmuotigeting tho  
poes ib i l l t y  of developiag the approach to the'stsbl. ohanrvrl problem from 
the standpoint of veloci ty rather than from t ~ a o t i v b  force,  It would 
investigate the conditions causing t h e  initial movemat of a pPrtiala on 
a stream bed ae inllluemsd by vertical-velocity aurer near tho 
bottom, t h e  effect of the velocity fluotuations due %o t u r b u l ~ e ,  the 
stabiliaing effect of t h e  inertia of the part iole under the  variable 
force due t o  turbulence, and t h e  ef fec t  ~f t he  shape of the perrtiala. 
An athmpt would be made t o  combine the, knowledge obtained frcra t h r e  
studies into an ana3yaia of chamel etablUty from the approaah of 
velocity rather than  traative iorue, 

2. Ef fee t  of Beads on Velocity and Shear D i a t r i h t i q  

a. H~draullc Lsboratom studs of flow distribortlon i n  be-. To 
a determine the effect of bends and work out the  safe values of curvature 

fo r  various materials, it i r  proposed to.atudy the flou conditions in a 
wide range of bend conditions. T h i s  would involve the martrscbm~dnt of the 
distribution of velocitiao at a considerable nmbr of sections of bendr 
having various r a t i o s  of bottaw width to depth and radius of cumatum 
t o  bottom width. The maxbm increase in velocity and shear adjaaent to 
the sides would be worked out from these obaor~rations, 

The posssihilPty wuld ba studies of reducing scour at  bonds 
by using spiraled curves, and of depressing t&e botton! en the inside of 
the curve. The uoe of larger sectiona on a w v ~ a ,  to  reduce ~oloeiatJ, 
d t h  g~adual t ransi t ions upstxvam and downstream would &so be tried. 

b. Field ( ~ r o t o t m )  atudiea of flow djiutributisn in bands. Thaw 
studies vould be made t o  d e t e r d m  how alorely flew distributions in 
actual  onnaTs followed t h e  meamremnts W e  in modol~. k W t e d  numbor 
of e i t e s  on autual canals dll be eeleatad and marrunr;rsnta of flow d i e  
tribution a t  various cross 8rctions made. If the adbee of nodal obmma- 
tions under 28 above do not protide model omparfrono of there cmar, 
epacial IPOP1ePa of tbb. p r o t r O t ~ ~ ~ s  will be made and brtsd. 

c. Sxmrisncre with wur in bends b Burreu oad other c&. To 
provide a oheck en the concllusisns on the effec t  of bend8 on o u a a  
s tab i l i ty  developed fnwa the ma1 and pmt~typs h o t 8  sand, i f  n O C 8 w 3  



extensive obsarvetions w i l l  be mado on t h e  radii of bends in &au and 
o t h r  oanals where scour ia tmublemorm. The v e l w i t i a s ,  aanal shapes, 
bed and bank mterial w i l l  ha obsemed and the m s u l t r  all be t i e d  Fn 
t o  the r e su l t s  of nodel mad prototype teats .  

" 

3. Velocity and Shear Metr ibut ion Studies 

a. Laboratory study of velocity and ahear d i s t r ibu t ion  
straight ch.nnsls .  Thin s t u Q  is proposed t o  be In two parts:*(l) the 
maaurement of velocity distribution and the determination of shear dA.8- 
t r ibu t ion  ind i rec t ly  and (2) the meaeummnt of ohear &i.atribution 
d i rec t ly .  For t h e  f i r s t  part it i s  proposed t o  eet up a straight, 
d o p i n g  t r a g e e o i d a l  ohennel with  s i d e s  hinged so t h a t  variouo side dopea  
could be obtained. T h i s  would be aa l a rge  5s the circumtancee wuld 
p e m i t ,  and long enough t o  insure t h a t  an equilibrium velocity distribu- 
t i o n  was established i n  it fo r  a reaeonable length of channel upstream 
fmm any e f f e c t  of dropdown or  other action a t  t he  discharge end. By 
d n g  various disaharges through the  channel, using different side 
s l o p s ,  a d d e  range of r a t i o s  of depth of flow t o  bottom d d t h  could be 
secured f o r  t h e  various aas9urnl.y used Bide dopee.  Careful m e s s m n t s  
of the veloci ty  would be W e  i n  this channel at a cmee section ..where 
the  flow was steady and uniform and t h e  veloci ty  d is t r ibu t ion  i n  
equilibrium, and t h e  remlta plot ted and isovela o r  veloci ty  "conburau 
plot ted.  By drawing orthogonal Unes (at r ight  an&e to *e oontourr) 
it i s  possible to devslop the  shear dist r ibut ion on the  s ib@ arid bsttom 
of the canal. h addition t o  trapelroidal sactione, othor crowi sectSon8 
could be investigated. 

The ohear at various poiPIt8 on the aides and bottom of thir 
chams1 could be meaaured by making maalJ. seotione of the bottom or side6 
movable and lwaauring the longi tudinal  th rus t  of the water on themi aiden. 
This would require somewhat del icate  mrk, but work of a very sidlar 
nature has been done i n  air, and i t  i e  MUeved thie c d d  be auaoessfully 
carr ied  out, 

b. Mathematical study of veloci ty  aad shew diotribution i n  
straight ch~nnels .  This study would also be two parts: (1) a study of 
veloci ty  distribution i n  straight channels along the l i n e  of that owried 
on by Keulegm i n  nLsws of Turbulent Flow i n  Open Ghannelc," National 
Bureau of Standards, Research Paper W 5 1 ,  Journal of Research of the  
National Bureau of Ytaridarde Vol. 21, Daoenber 1938, pp . 707-7U; and 
(2) a mathematical study t o  determine t h e  reloaity distribution in a 
v e q  wide c h ~ l ,  i n  particular t h e  tendency of the water a t  t h e  murfaoe 
to flow st aor~gwh~it lower ve lac i ty  than a t  a small distance below the 
surfme. Thie phenomenon en te r s  i n t o  the development of the ahaar dia- 
t r ibu t ion  on the a ides  and bottom of a channel froa t he  velocity 
dLstribution . 



c. Inves t i~a t ion  of the possibility of d t3veb~i .n~  an analop for 
velocity dis tr ibut ion in atrainht channels. It i s  belierati t ha t  m 
analogy might be developed which would giro, with a preaimion mlfficisnt 
for  practical purposes, the velocity dietribution I n  a r t ra ight  chuvwl 
of my usual shape.  A msrubrane d o g y  perhapa could be used, with the 
membrane o r  eoap film stretched m r  an opodag the sides of whiah were 
in the ahape of two cross sections of the channel under investdgation, 
placed i n  t h e  s a w  plane d t h  the i r  wate~~slrfaae l i nes  coimiding. The 
effect  of t h e  velocity distribution, mentioned i n  the ssaond part  of 
Section 3b above, could perhaps be indwed by a thmtad stretched under 
the proper t endon  along theae water-daue Unerr. 

The equipment for  obtaining the contour Unes  fo r  suoh an 
apparatus i s  available in 'the Dears Mvi;rion of t h i s  W1mau. If a &ti- 
cient ly accurate analogy could  be developed, it wuld provide a rapid 
and inexpensive method of dets-ng the shear distr ibut ion fo r  ohatmela 
of a wide variety of shapes. 

d .  Fie  l d  (a  w t o t  ml t e s t a  of veloaity distribution in  strai- 
channels. The prxrpoae of W e  test is t o  determine whether t h  velocity 
distribution i n  a large channel would be the same aa i n  a model ahamel 
of similar shape. There is good roaaon t o  believe tha t ,  f o r  models of 
the size  proposed f o r  these studies, t h i s  mould be the case, except for 
a negligible departure. Teats of t h i 6  kind would be very convincing to 
anyone who might question the r o l l a b i l i t y  of resulta baaed on model 
channelb or, i n  case they showed a dissimilarity of model and prototype 
resuXs, would prevent the mia.take bei&g made of relylng on the results 
of model t e s t s .  

e . Ehf inemrent of mathematical analysis of atabie channel shspes . 
h the Fsn-Swain-C;lovwr analysis for  stable channel shape, the traotits 
force was asmned t o  be proportional to the depth. In an actual  channel, 
the deeper portions of the  flow tend t o  drag along the shallower portionrs. 
An approxLmation which would be nearer the true case i a  being ' 
investigated. 

t ract ive 
critical 

Field  studies i n  SM Ws and other a ~ t d s  of r e  o i 
forae dimtribstior~. In comeation with the m a m k k k k  
trmtire force8 under Section Ic, obesrvationr rhould ba made 

a t  favorable looatione of canals in the San Laais Valley and other o d s  
t o  o b t a h  the  velocity diatribution in actual  canals. 2hese cucale will 
uwrally bo of nontrapegoidel ahape and should give data under conditdonr~ 
someuhat dif ferent  P m  t h a t  obtdrsed in Section 3a. 

a. 'Surt;lLenca du' etudes  of pick rrp srrrd tmnmratun affee&s. The 
h w s  of sediment t r e n s p o r t a t i ~ n  In wnapollrrion for sedimnt trurcportad 

I above a channel bottom have been investigatad d t h  ~ u f f i o i e n t  t h o w a r s  



. mataria1 & the bed (uhich k p l e c e e  t ha t  which settle; do- on the k d ) ,  
to the conditions of flow, has been cwerlsd inadequately, Seation kc of 
th is  program i s  planned t o  provide this infarmation, but it dl1 W e  
considerable time to  develop thepi:: mmrlta. To provide the beat m&e- 
rial possible wtil data from the f i e l d  can be secrured, the effeat  on 
pick up of a r t i f i o i a l  turbulence in a jar ehould be atudied. This w i l l  

1 

u84 a Jar of the type developed by Rouee,w i n  vhich turbulence is '  
induced by a motor-driven moiprocating grid. Mffemnt s i zes  of 
auoigranular material would be introduced i n  suff icient  quantitier to 
cover the bottom of the jar, and the pick %p i n t r~duced  by dif ferent  
degrees of turbulence w u l d  be observed. The e f fec t  of various ranges 
of sizes of material w i l d  also be studied, The effea t  of temperature, 
which appears t o  be coneiderable, would likewise be de temhed ,  

b. Mathematical studies of laus of sedimsnt t r ans~or ta t ion .  In 
these studies the laws of sediment tranaportation would be atudied frcm 
the most fundamental aspects, by mathematlaal analyrrie of f l u i d  mechanics 
principles. The sldst ing l i t e ra tu re  along these h a s  would .be studied 
and ueed as s s tar t ing  point  f o r  further advanaes i n  this f i e ld .  The 
probable nature of these advances will not became apparent u n t i l  the 
studies of t h e  present knowledge are made by qualified psreonnel. 

c . Field meamrremnts t o  scecure data fo r  dsveloment of law of 
sediment t r w m r t a t i o n .  To securer data t o  e s b b U s h  conclusiveu the 
laws of mdiment tranaportation i n  large channels i t  w f f l  be.necessary 
t o  obeerve the aedlmsnt t ranapor ta t ion~in  many actual channels and 

- 

re la te  the resul t s  t o  eadimsnt transportation theory. It i a  therefom 
proposed t o  measure the sadhent  transported i n  as many canela ire 
possible where conditions for  these ~easuremmts  are muitable.' Thirr 
would include the  whole range of particle sizes ,  but particularlp- those 
i n  t h e  emd range. The resu l t s  onuld then be compared d t h  wihant 
transport mlationa, as deve1op.d by various authorities in the past, 
or relations which may be proposed i n  the future by others or  may k) 
developed by this Bureau. 

d ,  Laboratory masurceprenta to  seaure data for devs1Lomwnt of l.ra 
of oadiwnt trsnewrhtim. In the dmlopnent of the law of a rariilaant 
transportation, meraurementa made in laboratory chatmala dll bs very 
valuable. Studiao such as the effect of temperature m d  the  s i f s a t  of 
par t ic le  ahape @an be made very effeat ively i n  sueh ahpnnela. Al:o 
studiem comparing the transporting of sedirrmt aovering a conr'aderable 
rmge of a i m s  as compared d t h  material of a narxw-aiw rar~ga. The 

**5xperimsnta on the Mecharriccrr of Sedhent Surrpension,18 H. Boucae, 
Proceediaga of the F i f t h  h te rna t iona l  Congresra of Applied Meahaaias, 
199, pp- 550-554.  



, e f fec t  of one variable can be inveotigated by holding aZ1 other  abndi- 
t ione constant and changing only one condition a t  a time. In f i e l d  
b e t s  this can be done very r awly .  

e., Relation of turbulence t o  sediment t r e n r ~ o r t a t i o n .  This atudg 
would lnvolve thcr development of an instnuwant for measuring turbulence, 
and t h e  teahnique f o r  using it in determining the relat ion between 
turbulence and t he  traneportation of aerllmnnt. 

5, Xmerience In Eureau and Other Canals 

a. 9 m r i a ~ n  of observations in *Bureau and other canals with 
indications of field and laboratom t ea t s .  Data dl1 k aollected on 
canals of t h i s  Elureau and other aeencies i n  this country, with which 4co 
test  t h e  sufficiency of re la t ions  f o r  t h e  design of earth canals which 
it i s  expected t o  develop from the laboratory and f i e l d  t e s t s  plonrvrd 
under this program. In thie way the  relia'bility of these  re la t ions  will 
be adequately established. A search u o u l d  a lso  be made fo r  data to 
determine the  esfe minimum depth which could be used i n  cansle douigned 
t o  flow a t  mEudmum slope. 

6. &\marison of Beinn  Procedures Developed with Data in Literature 

a, Coamarison with Kerns&. Laoey, and otbsr result8 tmm India, 
In order t o  inaure the  r e l l a b i l i t g  of the desi* pmeduraa  developed aa 
the  rlesult of the  inveatigatione planned herein, insofar as t he  available 
data are sufficient& complete, oomparisonol will be mode batmen thore 
procedure8 and the  observed data and relat ions developed in India by 
Kennedy, Lacey, m d  othsrs.  Ext.nsPvs Utaraturcs is t M s  f i e l d  I n  
available i n  Indian and Brit ioh publications, and Qvsry advantage ahould 
be taken of the wide ewerience and numerous measurslpents of t h e  engineers 
who have b u i l t  the  world's l a rges t  cana l  syrP1(91PB. 

b. Comparison with canal eections used IP-. The canal 
mctione which have h e n  found t o  km satiaifactory in Egypt ere 60 much 
narrower and deeper than those commonly uaed i n  IndSo that they of fe r  a 
good check OD the design relatione which it is erpactsd t o  develop, i n  
addition t o  thoee available from India. ld: the deaign re la t ions  daveloped 
a m  general i n  t h e i r  application, they should reaonrcile tha rerultr of 
the  experience i n  both countries and indicate  the ahapes developed in 
each country f o r  the aonditiono, which d s t  i n  the r e a p c t i v e  regiene. 

7. Preparation of DBsi an Formulae. Tablea. and I#anraq 

a. Them are a la rge  number of f ac to r s  controll ing the shape of 
rtable ea r t h  ahernnels, i n  addition t o  the hydraulic faa tors  of ~Usoharge, . slope, and roughness. There are three principal factors:  (1) omas- 
sectional shape, (2) sediment type and quantity, and (3) type of mat@rial 



of tv6 o r  mre kinds, t h e  motit oooorcm ones being (a) t r a p o k i d a l  Pnd 
(b) mast ef f ia ient  motions. The sediment Lypars w d d  be four i n  
nlnnber: (a) no aedhent o r  clear water, (b) fine aedinsnt only, 
(c)  coarae a e d k n t  only, and (d) both fine and coarae sediment. Qf 
courae, under eaoh of these eocspt (a) there would be a range of ssfiinnent 
concentrations. For material, through which the  channel war emavated 
there would be two mJor  c laas i f ica t iens  (a) cohe~ive  a d  (b) nonooheeive. 

The diagram8 which would ba eaaieet  t o  develop would probebly 
be f o r  trapezoidal chanhels cclr-ng c lear  water in norrcrohesive material. 
This diagram would include t h e  discharge, slope, bottom width, flow 
depth, side &Lopes, and grain size of the material through which t h e  
c a d  passed. The h y d r a a c  roughness would be a function of this grain 

e d z e .  For example, a set  of three  diagrams could eas i lg  be con&ruotad 
f o r  each common channel side slope ahowing the ent i re  range of discharge 
and material size the  corresponding (1) slope, (2) battop! d d t h ,  and . 
(3) flow depth t h a t  would Just produce impandlr.$ motion on b t h  tha sideo 
and bottom. Another d,agreran which could be constructed would be the  met 
e f f i c i en t  channel fo r  c l e u  water Plodng i n  noncohesire material. The 
analysis of this type could perhape be beat ahom in tha  f o m  of formha 
rather than diagram. 'Diagrams o r  formulae f o r  t h e  other U conditAon8 
could be developed as the  analysis of them evolved. 

In connection with the use of these diagrams it would be 
necessary t o  develop a method of detennPning, fromthe nupchanical 
analysis of the material  through which the canal was aonatntcted, the  
l imit ing partic&% aize Mob could be umd. Thie m u l d  be the hrgerst 
s ize  t h a t  mid not  require an exnessive movement of finer material to 
e-ae t he  par t ic les  of t h a t  s ize  (or l s rger )  and thus protect the  bed 
and banks against fur ther  movenrent. 

I 8. Constmction of Outdoor bcirauUc Laboratory 

I a. It i s  pmposed to  aonstruct an outdoor llydraulio Lataorat.org at 
the Denver Federal Center t o  s tudy those p a r t s  of this program uhioh 
cannot be carr ied out with existing f a c i l i t i e s .  One of the f i r s t  a%\adiee 
t o  be undertaken i n  t h i s  l a b r a t o r y  would be the study o f  the f l o w  die- 
tribution i n  bends (Itam 2a). Other studies which might be a a ~ r l e d  out 
i n  the outdoor laboratory would bs the deteaaination of the velocity and 
ahear dist r ibut ion in straight channels c tan 31, velocity condiedons 
causing initial par t ic le  motion on a canal bed (Itam lo), and meamre- 
menlte t o  aecure data f o r  the development o i ' t h e  laws sf sediment 
transportation (Item 4d) .. 
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